High Temperature Protonic Conductors by Dynys, Fred et al.
HIGH TEMPERATURE PROTONIC CONDUCTORS 
 
Fred Dynys1, Marie-Helene Berger2,  & Ali Sayir3 
1 NASA-GRC, 21000 Brookpark Rd., Cleveland, OH 44135, USA 
2 Ecole des Mines de Paris – Centre des Matériaux BP 87 – 91003 Evry cedex – France 
3 CWRU, 10900 Euclid Ave, Cleveland, OH 44112,  USA 
 
High Temperature Protonic Conductors (HTPC) with the perovskite structure are envisioned for 
electrochemical membrane applications such as H2 separation, H2 sensors and fuel cells. Successive 
membrane commercialization is dependent upon addressing issues with H2 permeation rate and 
environmental stability with CO2 and H2O. HTPC membranes are conventionally fabricated by 
solid-state sintering. Grain boundaries and the presence of  intergranular second phases reduce the 
proton mobility  by orders of magnitude than the bulk crystalline grain. To enhanced protonic 
mobility, alternative processing routes were evaluated. A laser melt modulation (LMM) process was 
utilized to fabricate bulk samples, while pulsed laser deposition (PLD) was utilized to fabricate thin 
film membranes . 
 
Sr3Ca1+xNb2-xO9 and SrCe1-xYxO3 bulk samples were fabricated by LMM. Thin film BaCe0.85Y0.15O3 
membranes were fabricated by PLD on porous substrates. Electron microscopy with chemical 
mapping was done to characterize the resultant microstructures. High temperature protonic 
conduction was measured by impedance spectroscopy in wet air or H2 environments. The results 
demonstrate the advantage of thin film membranes to thick membranes but also reveal the negative 
impact of defects or nanoscale domains on protonic conductivity. 
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3World Energy Demand Growing Dramatically













●Renewable energy supply will be essential:
Wind, Solar, Bio-fuels Geothermal & Solar thermal




●Improve efficiency: Extend finite resources
●Technology: Drive energy cost reduction









































































































































Oxygen vacancies (VO••) needed for H+
 
transport:









































































































Solid State Sintering Cermets 
Argonne National Laboratory
Opportunities















































































































































conduction:  grain ≠
 
grain boundary
ω0 grain boundary << ω0 grain-Low T
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Core : Ca2+, Sr2+
 
rich
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R12 R13






Grain GB Electrode 
Equivalent Circuit
σ·T = A·exp(-Q/RT)



















































Sr3 (Ca1+x Nb2-x )O9-δ













Hamakawa1 et al., SSI 48,71 2002
Thickness Dependence













• High Depostion Rate
Approach
Porous structure
consisting of tapered crystallite
separated by voids
Transition structure










= 248 nm -KrF
























●Solid state synthesize  powder
●Sintering –
 































































































Solartron 1260/1287          0.1 –
 



































































800 oC/30 mT 100 -
 
500 33.4 6
700 oC/30 mT 200 –
 
500 38.2 6



























































Solartron 1260/1296    0.1 –
 





25 oC                  Zplot/Zview Software



























800 oC Deposition Temperature
Dense films 
fabricated at 600-950 
oC








Dense films form by 
impinging column growth.
No long range defects
Numerous BCY nano-























































950 oC/30 mT 200 -
 
900 74.8 3.6
950 oC/30 mT 200 -
 
900 75.4 3.2
900 oC/30 mT 200 -
 
600 54.1 4.8
800 oC/30 mT 200 -
 
600 98.1 3.6
700 oC/100 mT 350 -
 
900 115.6 1.7

























































Conduction exhibits large 
















































































Solartron 1260/1296    0.1 –
 



















•No particle inclusions 
from PLD
•Low defects












Small domains 2 nm visible
3.1 Ang …
 





























































































Conduction change at T
>550 oC











































































































































































•Directionally solidified samples exhibit similar 
ionic conduction to  reported data for sintered 
samples.
•Directional solidification produces nano-sized 
structural defects. Influence of defects on proton 
mobility remains unknown. 
•Directional solidification can produced unique 
microstructures  that can not be achieved by 
solid state sintering. 
•Dense protonic films can be fabricated on porous 
substrates by PLD in the temperature range of 600-
 
950 oC.
•Columnar growth morphologies are observed at 
temperature <950 oC. Process dependent oriented 
crystal growth occurs among the [100] and [001] 
directions.
•Matching crystal symmetry between substrate & 
film is essential to maximize protonic conduction.
